PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 99/24141 


B01D 24/00, B31D 3/00 


Al 








(43) International Publication Date: 


20 May 1999(20.05.99) 



(21) International Application Number: PCT/US98/23822 

(22) International Filing Date: 6 November 1998 (06.1 1.98) 



(30) Priority Data: 
60/064,807 



7 November 1997 (07.1 1 .97) US 



(71) Applicant: CALIFORNIA INSTITUTE OF TECHNOLOGY 

[US/US]; 1200 East California Boulevard, Pasadena, CA 
91125 (US). 

(72) Inventors: TAI, Yu-Chong; 369 S. Grand Oaks, Pasadena, 
CA 91107 (US). YANG, Xing; California Institute of 
Technology, 136-93, EE Caltech, 1200 East California 
Boulevard, Pasadena, CA 91 125 (US). 

(74) Agent: HARRIS, Scott, C; Fish & Richardson P.C., Suite 
1400, 4225 Executive Square, La Jolla, CA 92037 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, PI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, 
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, 17, TM, TO, TT, UA, UG, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, 17, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FT, PR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international 



search report. 



(54) Title: MICROMACHINED MEMBRANE PARTICLE FILTER USING PARYLENE REINFORCEMENT 
(57) Abstract 



A micromachined membrane particle filter is 
formed by etching a silicon substrate (104) and silicon 
nitride overlayers (100 and 102) and coating the entire 
membrane structure with a layer of parylene (150) for 
the purposes of imparting the characteristics of strength 
and biocompatibility. 
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MICROMACHINED MEMBRANE PARTICLE FILTER 
PSTWO PaPVT.ENE REINFORCEMENT 

Statement as to Federally Sponsored Research 
The U.S. Government may have certain rights in 
5 this invention pursuant to Grant No. N66001-96-C-8632 
awarded by the U.S. Navy. 

Background 

A mechanical filter can be used to remove, filter, 
or collect particles. This filtering and collection of 

10 particles can be used for sampling of particles, chemical 
detection, and/or biological cell analysis. 

It is known to make such filters using 
micromachining techniques to form small features in a 
silicon wafer. For example, this has been described in 

15 C.J.M. Van Rijin and M.C. Elwenspoek, "Micro Filtration 
Membrane Sieve with Silicon Micro Machining for 
Industrial and Biomedical Applications," Proceedings of 
IEEE Micro Electro Mechanical Systems Workshop (MEMS' 95), 
pp. 83-87, 1995 and G. Kittilsland and G. Stemme, M A 

20 Subrnicron Particle Filter in Silicon," Sensors and 
Actuators, A: Physical, Vol. 23, pp. 904-907, 1990. 
However, the present disclosure describes a different way 
of developing filters which has certain improved 
characteristics . 

25 0ne problem with prior micromachined filters is 

their overall strength. 
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Summary 

A membrane particle filter is described which uses 
micromachining technologies. The filters are fabricated 
using a substrate membrane that is perforated with holes. 
5 The holes can have different shapes, different 

dimensions, and different opening factors. Preferred 
shapes include circular, hexagonal, and rectangular, with 
dimensions ranging from 6-13 pm. 

In a preferred mode, a layer of Parylene material 
10 is uniformly coated on the filters and on the inner 
surfaces of the holes in order to increase the overall 
strength of the filter. 

Another important feature is the amount of power 
which is necessary to provide the desired pressure drop 
15 across the filter. Proper control of the opening size 
allows determining various tradeoffs, including the 
energy and power necessary to form the desired pressure 
drop. Another feature of this disclosure is that the 
sizes of the openings can be more specifically controlled 
20 by deposition of Parylene material. 



Brief De scription of the Drawings 
These and other aspects will now be described in 
detail with reference to the accompanying drawings, 
25 wherein: 

FIGs. 1A-1F show a membrane filter fabrication 
process; 

FIG. 2 shows different results of different 
filtering regions; 
30 FIGs. 3A-3D show various fabricated membrane 

filters and their openings; and 

FIGs. 4 and 5 show different pressure drops as 
functions of the flow rate. 



WO 99/24141 



PCT/US98/23822 



- 3 - 

Descriptio n of the Preferred Embodiments 
The fabrication process for the preferred mode 
filter is shown in FIGs. 1A-1F. The process begins in 
FIG. 1A by depositing a layer of low stress LPCVD silicon 
5 nitride 100 and 102 ("SiN") at 850°C on a silicon 

substrate 104. The layer 100 is preferably between a H 
and lvun micron thick. The material is deposited with an 
SIH 2 C1 2 : -NH 3 gas flow ratio of 4 to 1. The SiN layers 
100, 102 are deposited on both sides of silicon substrate 
10 104. 

FIG. IB shows patterning the SiN layer 102 on the 
backside of the silicon substrate 104. First, the 
desired areas to be protected are covered with 
photoresist layer 110. This is followed by dry etching 

15 the SiN 102 to form a pattern. 

FIG. 1C shows the anisotropic etching step which 
uses an anisotropic etchant such as KOH. This leaves a 
window 120 left in the wafer, with only a thin area of 
the silicon wafer 122 remaining. The thin wafer area can 

20 be between 20 and 100 pm thick. The overlying silicon 
nitride 100 remains unchanged during this step. 

FIG. ID shows using RIE to provide patterns 130 in 
the SiN layer 100. The pattern includes holes 132 into 
the silicon nitride layer 100. The holes can be of any 

25 desired size and shape as described above. 

This is followed by placing the wafer into another 
anisotropic solution (for example, KOH) to remove the 
remaining silicon layer 120. This frees the membrane to 
form the unsupported membrane shown in FIG. IE. The 

30 membrane includes unsupported silicon nitride portion 
140, defining holes therebetween. These holes, however, 
would have low structural integrity. 
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Finally, a layer of Parylene is deposited over the 
entire wafer. Parylene is available from Specialty 
Coating Systems, Inc., 5707 West Minnesota Street, 
Indianapolis, IN 46241. The Parylene uniformly covers 
5 the entire wafer surface, forming Parylene overlayers 
150, 152. Each of the holes therefore includes a 
Parylene overlayer on each of its surfaces: top surface, 
bottom surface, and all sides. 

The layer of Parylene 150 serves three main 
10 purposes. The Parylene overlayer greatly improves the 
strength of the membrane filter by providing a 
reinforcement to the filter. Uniform deposition of 
Parylene also allows changing the hole size. Different 
hole sizes can be obtained from the same basic filter 
15 skeleton. Control of the thickness of the Parylene layer 
can be used to obtain these different hole sizes. For 
example, a 10 pm opening can be changed to a 4 pm opening 
by depositing 2 pm of Parylene on the entire device, 
forming two, 2-pm barriers at two ends of the hole. 
20 Hence, the same basic filter can have different holes 
sizes by changing the thickness of the Parylene layer. 

Parylene is biocompatible, making the filter 
suitable for biological applications. 

This fabrication process can be used for various 
25 membrane filters. The preferred hole shapes include 
circular, hexagonal, and/or rectangular. Filters as 
large as 8 X 8 square millimeters can be fabricated. The 
opening area ratio increases as the hole size increases. 
The hole size also defines the filtering threshold — the 
30 minimum size of the particles that can be blocked by the 
filter. 

For example, a filter with a 10.6 pm diameter hole 
has an opening area ratio of approximately 12*5%. 
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Hexagonal holes can provide higher opening area ratios, 
but cause higher stress concentration in the membrane. 
This effectively reduces the strength of the filter. 
Rectangular holes can provide a large range of opening 
5 area ratio without changing the filtering threshold. One 
dimension of the rectangular holes must be kept constant. 

FIG. 3A shows a top view of a circular hole. FIG. 
3B shows the rectangular hole, while FIGs. 3C and 3D 
respectively show the hexagonal holes for these filters. 

10 FIG. 2 shows different characteristics for the 

filters. The far left side of the figure shows a top 
view of 8 millimeter X 8 millimeter area. This is 
defined into different non-filtering regions and 
filtering regions. 

15 TABLE 1 shows how the final Parylene coating layer 

increases the strength of the filters. Burst pressure of 
various membrane filters was tested using differential 
pneumatic pressure across the filter membrane. The first 
pressure of filter 6 in TABLE 1 was more than 4 times 

20 higher when coated with 2.69 microns of Parylene. 

Table 1 Filter Strength 
(Filter #6, p = 43.6%) 



Parylene Thickness (/an) 


Burst Pressure (PSI) 


0 


0.9 


1.38 


1.9 


2.69 


4.2 



The fluid dynamic performance of the membrane 
filters was also tested, and the results are shown in 
FIGs. 4 and 5. Each of the pressure drops is a function 
of flow rate per unit area was fitted with a second order 
polynomial function. The power to sustain a desired flow 
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rate is calculated by multiplying the pressure drop by 
the volumetric flow rate. Hence, these features show how 
the pressure drop across the microfilter and power 
requirement increase dramatically as the opening factor 
5 increases . 

Although only a few embodiments have been 
disclosed in detail above, many modifications are 
possible in the preferred embodiment without undue 
experimentation . 
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What is claimed is: 

1. A micromachined membrane filter, comprising: 
a silicon substrate, having a plurality of holes 

therein; and 

5 a Parylene coating, covering the silicon 

substrate, and covering all inner surfaces of all of said 
holes, said holes being formed with a desired size and 
pitch to form a desired filtering characteristic. 

2. A method of forming a micromachined particle 
filter, comprising : 

obtaining a silicon substrate; 

forming a silicon derivative overlayers on the 
5 silicon substrate; 

etching one side of the silicon substrate to form 
a thin portion of the silicon substrate; 

etching the overlayer over the other side of the 
silicon substrate to form holes in the overlayer; 
0 further etching the first side to totally remove 

silicon from the substrate below the holes; and 

depositing Parylene over remaining portions of the 
substrate, including inner surfaces of said holes, to 
form a Parylene coated membrane filter. 



3. A method of forming a micromachined particle 

filter, comprising: 

forming a plurality of holes in a substrate to 
form a substrate with holes of a first size; 

coating edges of the holes of said first size with 
an overlayer material of a first thickness to form second 
size holes smaller than said first size holes; 
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coating edges of the holes of said first size with 
an overlayer material of a second thickens to form third 
size holes, different than said second size. 
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Figure 1. Membrane Filter Fabrication Process 
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Table 1 

top view (8 mm x 8 mm) cross-sectional view 

( thickness ) hole size opening factor 

H : non-filtering region H : silicon nitride d (jim) or P (%) 

■ : filtering region ■ : parylene coating a x b (Jim 2 ) 



$5.3 1 




f2 Hm + 2 x 1 Jim) 



w 5.3 mm 

± 

T 2 " 3mm a Hm) 



(2 Jim) 
ft. I Um + 2xl Jim) 

B B 

(llim) 
■ aa m h 

(l.l)im + 2x I urn) 



6 3.65 

8 - 8.8 7.5 
10.6 12 j 

7-7.5 15.1-17.4 

11- 12 37.3-44.4 

6 x 20 43.6 
2-3 x 16-17 11.6- 18.5 



F< v 2. 
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Figure^ Pressure drop as a function of the flow rate 
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